A method and reactor for preparing aluminum nitride crystals with multi-source material is proposed. That is, a new type of controllable feeding structure for a plurality of source materials, by changing the structure of a conventional crystal reactor, it is possible to grow at least two kinds of crystals separately without changing the growth conditions to form a multi-layered structure of ABABA... The multi-layered structure allows the thickness of the grown crystal to be controlled within a range that does not generate excessive stress. Based on the multi-physics simulation software COMSOL Multiphysics, a model was built to simulate the temperature distribution of the crucible structure. The results show that when the crystal grows, the large temperature gradient at the surface of the crystal leads to large shear stress at the edge, which easily causes the crystal to produce defects or cracks. The experimental simulation results of temperature gradient and thermo-shear stress show that the multi-layered crystal structure can effectively reduce the defects caused by the stress, so as to achieve the purpose of improving the crystal quality.
Introduction
As one of the new III-V third-generation semiconductor materials, aluminum nitride (AlN) has excellent characteristics such as wide band gap, high thermal conductivity, and strong corrosion resistance. Widely used in the production of light-emitting diodes, lasers and UV detectors and other devices. [1] Its broad application prospects attracted the attention of researchers. At present, the preparation methods of AlN crystals mainly include hydride vapor phase epitaxy (HVPE), molecular beam epitaxy (MBE), metal organic vapor deposition (MOCVD), and physical vapor transport (PVT). A large number of studies have shown that PVT method is one of the most effective ways to prepare large-size AlN crystals. The physical vapor transmission method forms a high-temperature zone in the crucible at the coil or the graphite heating tube, the material is sublimated in the high-temperature zone, and the vapor is used for diffusion and transportation to generate crystals at a relatively low temperature, and spontaneous nucleation and growth can be performed using the raw material. It is also possible to use ready-made seed crystals to deposit the raw material on the seed crystals and grow into crystals. [2] - [5] At present, most of the crucibles used are trapezoidal crucibles and straight barrel crucibles. Sublimation raw materials are all single materials. Only a crystal is formed in the low-temperature region. If a large-sized single-crystal crystal is formed in the low-temperature region, micropores and cracks may be generated in the cooling process due to the thermal stress of the crystal itself, or due to lattice mismatch dislocation. The most serious situation is that the intergranular stress of the crystal exceeds the critical stress, resulting in grain boundary movement, eventually causing crystal fracture and failure to form. Based on this, this article proposes a crystal preparation method. [6] [7] The process of forming the two crystalline multilayer structures using silicon carbide, which can serve as seed crystal for aluminum nitride growth, as an intermediate material. In this way, silicon carbide can be further grown on the grown aluminum nitride crystal as a seed crystal for the next growth cycle, and one growth can be achieved including multiple growth cycles.
Model Parameters

Physical Equation
Based on the COMSOL Multiphysics heat transfer module for solid heat transfer, the temperature field of the aluminum alloy workpiece is analyzed. The heat transfer control equation is shown in equation (1) and (2):
In the formula,  is the solid density,
； T is the temperature, K; t is the time, s; Q Q is the heat, J; k is the heat exchange coefficient; q the heat flux, 2 / m W . Partial parameters required for simulation calculation, physical parameters of AlN are shown in Table 1 , physical parameters of graphite are shown in Table 2 . 
Simulation Analysis
The interior of the growing crystal has different internal temperature distributions and different stress levels due to the presence of the temperature field. During the growth process, the thermal stress is the stress that mainly generates fractures and defects, and the stress caused by misalignment and structure accounts for the minor part when the crystals When it is too large, the internal temperature gradient will increase and the shear stress will also increase. If the critical shear stress is exceeded, the crystal will slide in the direction of stress and the crystal will break. The reactor model was built using comsol simulation software. The tungsten germanium structure was drawn. The source part was filled with aluminum nitride and the rest was filled with nitrogen. In addition to the graphite heat insulation layer. Outside the heat insulation layer, two hollow water-cooled induction coils are provided at the height of the source part. Add current and observe the thermal field distribution. Change the position of the top window of the growth chamber and observe the changes in the thermal field. [10] The simulation results of the thermal field distribution of the tungsten crucible at 1000A and 2.5 kHz are shown in Fig. 1 . The maximum temperature of the growth chamber appears at the bottom corner of the crucible. The temperature distribution of the source material aluminum nitride is higher in the middle and closer to the crucible. The temperature concentration at the top of the top single window appears distorted, and the temperature distribution at the top center is uniform. Figure 1 . Thermal field distribution of tungsten germanium at 1000A, 2.5kHz current.
The simulation results are in accordance with the existing experimental data. That is, the temperature near the crucible is high, and the sublimation of aluminum nitride begins at the edge first, so the surface of the reactants will show a convex surface over time. [11] To solve the problem of excessive thermal stress inside the crystal that may be generated when large crystals are grown at one time, it is proposed that silicon carbide, which can be used as a seed crystal for aluminum nitride growth, be used as an intermediate material, that is, a growth process for forming the two kinds of crystal multilayer structures. The structure diagram is shown in Figure  2 . In order to prove that the two crystalline multilayer structures can effectively reduce the temperature gradient, the software simulates the lateral temperature distribution in the crystal during the annealing cooling of the aluminum nitride crystal containing the silicon carbide seed crystal from 2500K to 1900K. The result is shown in Figure 3 . The top-down crystal material in the figure is, in order, a silicon carbide seed crystal, an aluminum nitride crystal, a silicon carbide seed crystal, and an aluminum nitride crystal. The simulation results show that using this multilayer crystal structure simulation, the lateral temperature gradient is concentrated in the silicon carbide during the cooling process, thereby reducing the temperature gradient in the aluminum nitride. This phenomenon may be due to the fact that silicon carbide has a smaller thermal conductivity than aluminum nitride, which enhances the radial heat exchange between the crystal and the surrounding environment.
Adding a layer of silicon carbide on the basis of Figure 3 results in symmetry of the structure and the highest temperature range is in silicon carbide. The result is shown in Figure 4 . The top-down crystal material in the figure is, in order, silicon carbide seed crystals, aluminum nitride crystals, silicon carbide seed crystals, aluminum nitride crystals, and silicon carbide seed crystals. The symmetry of the structure allows the temperature center to be on the middle silicon carbide layer, further reducing the temperature gradient on the aluminum nitride crystal. By reducing the temperature gradient, the result of the defect is reduced. Further, the axial temperature distribution was simulated for the single grown aluminum nitride crystal and the multilayered crystal structure proposed herein. The results are shown in Figure 5 and Figure 6 . The temperature at each layer interface is 2500K, 2316K, 2280K, 2180K, 2157K, 2130K from bottom to top. The results show that the maximum temperature gradient in Figure 6 is 18.4K/mm, which occurs in the lowest silicon carbide layer; the temperature gradients of the aluminum nitride layer and the fourth layer are 1.8 K/mm and 1.15 K/mm, respectively. The temperature of the single aluminum nitride crystal at the same location is: 2500K, 2398K, 2235K, 2185K, 2134K, 2129K. The maximum temperature gradient at the bottom is 10.2K/mm. Therefore, it can be concluded that the temperature gradient of a 10.2 K/mm aluminum nitride single material that originally appeared during cooling can be reduced to 1.8 K/mm through a multilayer structure. Greatly reduce the temperature gradient.
Using the axial temperature steady-state distribution to obtain a similar temperature gradient as shown in Figure 7 , and based on this simulation of the stress, the results shown in Figure 8 , the simulation results show that the temperature distribution to the additional silicon carbide layer, The stress distribution is mainly concentrated on the interface of dissimilar materials and tends to extend into silicon carbide. The reason for this may be that the coefficient of thermal expansion of silicon carbide is greater than that of aluminum nitride. [12] Therefore, the two crystal multilayer structures proposed in this paper can effectively reduce the defects caused by the stress, so as to achieve the purpose of improving the crystal quality. In order to achieve the two crystal multilayer structures proposed in this paper, the existing helium structure is improved. Take the external sublimation of source materials. Figure 9 shows a proposed reactor for the above aluminum nitride crystal growth. The furnace includes a furnace body, a heat insulation layer at the periphery of the furnace body, a crucible inside the furnace body, a silicon carbide gas source chamber and an aluminum nitride source chamber outside the furnace body, a growth chamber inside the crucible, a silicon carbide gas source chamber and nitrogen The aluminum gas source chambers are communicated with the inside of the furnace body through a drainage tube, and the silicon carbide gas source chamber and the aluminum nitride gas source chamber are provided with heating coils. [13] [14] Figure 9 . Improved reaction furnace for aluminum nitride crystal growth.
Sublimation method for the preparation of aluminum nitride basic conditions are gas flow rate in the 100 ~ 500sccm, furnace pressure in the 100 ~ 760torr, temperature in the 1900 ~ 2300℃. The furnace body of the above reaction furnace is in a circular tube shape, a round hole is formed on the top of the furnace, and a tungsten wafer is placed on the round hole. By controlling the coverage area of the top opening of the furnace body, the top temperature field and the pressure environment inside the furnace body can be adjusted. At the bottom of the structure, a cross-section with a diameter of about 1 cm is used as the interface of the drainage tube, and a three-port tungsten chuck-type pipe joint is used to introduce two different reaction gases. There is space reserved between the furnace body and the crucible inside it, and a heating element can be added at the top or periphery of the crucible as required to control the temperature and temperature gradient of the growth area. [15] An insulation layer made of graphite as a material is wrapped around the furnace body to isolate the temperature exchange between the reaction chamber and the outside. In Fig. 9 , the silicon carbide gas source chamber adopts a cylindrical cavity, and a T-type tungsten ferrule-type pipe joint is used at B. The main function is to mix the heated nitrogen gas heated by the heater with the silicon carbide gas after induction heating and sublimation. and transported to the furnace. The aluminum nitride gas source chamber adopts a cylindrical cavity, and the top opening is used for the gas to flow out. The T-type tungsten clip-type pipe joint is used at the A position, and the main function is to let the heated nitrogen heated by the heater and the induction heating sublimate. The aluminum nitride gas is mixed and delivered into the furnace.
Summary
In summary, this article describes a crystal preparation method. That is, the growth mode of a single material crystal is changed, and silicon carbide, which can be used as a growth seed of aluminum nitride, is used as an intermediate material, and silicon carbide is further grown on the grown aluminum nitride crystal as a seed crystal for the next growth cycle. Experimental simulation analysis of temperature gradient and hot shear stress. The results show that this pattern of multi-layer growth crystal structure can effectively reduce the defects caused by stress, so as to achieve the purpose of improving crystal quality. Finally, the existing crucible structure is improved to realize the two kinds of crystal multi-layer structure proposed in this paper.
